viscous. An important consideration in using such thrusters is the effect that the plumes may have on various satellitesystems and functions. Given the viscous nature of the flow in these thrusters, the plumes tend to spread widely in vacuum, creating a considerable flow in the backward direction.
Some major effects from the plume could include contamination from mass deposition, unsatisfactory disturbance torques, and surface heating. 
Refer_ce
Configuration descriptionof the test facilitycan be found in Reference 6.
The pumping system was able to maintain a vacuum of about 2x10 "2 Pa for a nozzle flow rate of 6.8xi0"5kg/s. The vacuum pressurewas monitored with a hot-cathode ionizationgauge mounted on the 1 m diameter testsection.
The nozzle configuration selected for both experimental and computational study simulates the viscous flow of an electric propulsion device.
The nozzle consisted of a conical geometry for simplicity of both numerical modeling and machining, but is also a typical shape for small thrusters.
The nozzle is illustrated in Figure  1 , with geometrical details given in Table 1 Table   2 is based on throat diameter and viscosity of the nitrogen at the stagnation temperature of 700 K. This Reynolds Number is characteristicof a high-temperature resistojet or arcjet. For these conditions, flow at the throat was in the continuum regime, as indicatedby the Knudsen Number of 2x10 "3 (also based on throat diameter}, but reached near-rarefled at the nozzle exhaust plane.
Vacuum Facility
The experimental work for this study was 
Experiments/Apparatus
The apparatus used in this study to simulate a thruster was previously described in Reference 
Test Procedure
The test section containing the experimental apparatus was first evacuatied without flow and the capacitance manometers zeroed. The vacuum pressure without flow was about lxl0 "4 Pa which served as the zero-reference pressure for the manometers.
The flowmeter was zeroed while containing nitrogen at the accumulator supply pressure. After allinstrumentation was zeroed,flow was establishedat 6.8x10"5 kg/s and maintained by the flow controller.Simultaneously. about 65
Watts was applied to the heater and time allowed for the system to equilibrateat _ nozzle-inlet temperature of 700 K.
On attainingsteady conditions,surveys were taken by positioningthe particularmeasurement probe in the plume with the traverse mechanism.
Probe position was maintained until capacitance manometer readings reached a steady condition.
Generally, measurements of Pitot pressures were preceded by measurements of flow angle in the farfield of the plume (Z > 60 ram). In this manner, the 6.4 mm diameter Pitot tube was immediately positioned at the angle of the flow for a reading.
In the near-ficld of the plume, flow angles were made with both the conical probe and the 1 mm Pitot tube.
DSMC Computation of Plume Flow
The direct simulation Monte Carlo method conditions. In the current application, the computationwas begun at the nozzle exitplane using theDSMC simulationdata generatedpreviouslyas described in Reference 5. The expansion was assumed to occur in a pure vacuum.
A computational grid was generated in which the cell dimensions were scaled with an assumed profile for the decay in density away from the nozzle exit. Densities from the previous solution were used in the near-field to about 36 mm and a 1/r 2 relation in the remainder of the field. A computational domain covering 500 mm by 300 mm was spanned with 5280 cells, 88 axially and 60 radially. An average of 55 particles per cell was employed in the simulation. Results from the DSMC method are given in 
diameter.
The contour plot is given in Figure  7 .
The 6.4 mm tube was used in the region bounded by the Reynolds Number contour of 0.1 and the 1 mm tube was used in the inner region bounded by the contour for 1. In the DSMC simulation the plume was assumed to expand intoa perfectvacuum whereas in the experimental facility the plume actually expands into a back pressure of about 2x10 "2 Pa.
Experimental and Computed Results

Measured
This difference may account for the discrepancy between measured and computed pressure profiles in the outer, lower pressure regions of the plume in Figure  13 . Tbis aspect of the problem will be investigated in later studies by inclusion of the actual vacuum facility back pressure in the DSMC simulation.
Concluding Remarks
The Public reporting burden for this collection of informetion is estimated to average 1 hour per response, including the time for rewewing instructions, searching existing data sources, gethedng and maintaining the data needed, and completing and reviewing the collection of information. 
